ABsTRAcr The effect of nifedipine (20 mg sublingually) on the bronchial response to cold air was studied in eight asthmatic patients and eight normal subjects. Eucapnic hyperventilation with dry subfreezing air was performed for three minutes by each subject, with a minute volume of 30 x FEV, for normal subjects and half that for the asthmatics. In the normal subjects there was no difference in the falls in the one-second forced expiratory volume (FEV,) and specific airways conductance (sGaw) produced by cold air inhalation on the days when they were pretreated with placebo and with nifedipine. In asthmatic patients, however, significant protection with nifedipine was demonstrated. The maximum recorded fall in FEV, was reduced from 13% + 2% (SE) to 4% ± 2% (p < 0.005) and the maximum fall in sGaw from 35% + 5% to 17% + 4% (p < 0.002). The possible causes of this difference are discussed. It is suggested that these results present further evidence for a different mechanism of response to cold air in asthmatic and normal subjects.
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Respiratory heat loss is considered by many investigators to be the fundamental stimulus through which bronchoconstriction is produced in individuals with exercise-induced asthma. Furthermore, it has been shown that whereas only a proportion of asthmatics complain of exercise-induced wheezing all asthmatics develop bronchoconstriction when respiratory heat loss is produced by eucapnic hyperventilation of dry, subfreezing air. ' 2 If the heat loss is increased beyond that necessary to produce bronchoconstriction in asthmatic subjects (by lowering the temperature of the air or increasing rates of ventilation) normal subjects also react with a bronchoconstrictor response.3 In the previous paper in this issue4 we have shown that asthmatic and normal subjects differ not only in the magnitude of their response but also in the underlying mechanism.
Nifedipine is a calcium-channel-blocking agent which has been shown to inhibit exercise-induced asthma,5-7 antigen-induced bronchoconstriction,8 and bronchospasm produced by inhalation of histamine and methacholine.9 10 In this study we have investigated the effect of nifedipine on the bronchial response to cold air in normal and asthmatic subjects.
Methods
Two groups of subjects were studied. Eight asthmatic patients (three men and five women: mean age 28.4 years, range 24-35) were recruited from the asthma clinic at King's College Hospital. All had documented reversible airways obstruction of at least 15% and were able to discontinue all medication for at least 12 hours before each study period. None was having regular treatment with oral corticosteroids or sodium cromoglycate. Baseline values of the forced expiratory volume in one second (FEV,) were within 25% of the predicted value and varied by less than 10% between the study days. Seven of the subjects were atopic as judged by positive responses to common allergens in skinprick tests; one was non-atopic. Five of the eight subjects had symptoms of exercise-induced wheezing. Eight normal subjects (six men and two women: mean age 27-3 years, range [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] were recruited from hospital staff. One subject was atopic but none had a history of asthma and lung function was within the predicted range.
All subjects gave their informed consent to the study.
Dry air at subfreezing temperatures was generated with the apparatus previously described. The results in each group were analysed by Student's t test for paired data.
Results
In agreement with the results of previous studies,5-9 nifedipine 20 mg, given sublingually, produced no significant change in resting airway function. Flushing and headache were noticed by both groups of subjects, but there were individual variations in severity. Figure 1 shows the effect of nifedipine on the response to cold air in asthmatic subjects. Pretreatment with nifedipine reduced the maximum recorded fall in FEV, from 13% ± 2% (SE) to 4% + 2% (p < 0-005) and in sGaw from 35% +5% (SE) to 17% +4% (p < 0.002). All subjects were protected by nifedipine. There was no correlation between the amount of protection it gave and the subject's baseline FEV, (expressed as a percentage of predicted normal). The one nonatopic asthmatic subject was protected by nifedipine to a similar extent to the rest of the group. In contrast the normal subjects were not protected by nifedipine and their falls in FEVy and sGaw were identical on the two study days (fig 2) .
Discussion
Nifedipine gave significant protection against the effects of cold air inhalation in our asthmatic subjects but not in normal individuals. Several explanations for this must be considered.
In the previous paper we concluded that asthmatic subjects differ from normal individuals not only in their sensitivity to cold air and the magnitude of their response but also in the underlying mechanism of the response. 4 Normal subjects were completely protected by low doses of the cholinergic-blocking drug ipratropium; whereas asthmatics, while also deriving protection from ipraptropium, exhibited an extra component in their response that was inhibited by cromoglycate. These results suggest that the response in normal individuals is mediated via a vagal reflex alone, while the response in asthmatics is partly due to the action of locally released mediators.
Nifedipine, a pyridine derivative, exerts its effect by blocking the entry of calcium ions into cells. '3 Calcium ion influx is implicated in two processes important in asthma-contraction of bronchial smooth muscle'415 and degranulation of mast cells Henderson, Heaton, Costello with subsequent release of mediators.16 Possibly therefore nifedipine has a greater inhibitory effect on mast cell degranulation than on smooth muscle contraction. There is some support for a mast-cell stabilising effect of nifedipine from the findings of Cerrina et all7 that nifedipine inhibited the antiIgE-induced release of slow-reacting substance of anaphylaxis (SRS-A) from human lung fragments. These authors did not, however, observe inhibition of histamine release by nifedipine in their experiments, and Butchers et al were unable to show reduction of histamine release from sensitised lung fragments after antigen challenge. '8 In studies of the effect of nifedipine on exercise-induced asthma Barnes et al reported abolition of the increase in plasma histamine after exercise.6 Our own studies of the effect of nifedipine on contraction of passively sensitised strips of human bronchial muscle induced by antigen challenge8 suggest that the main effect of nifedipine is to impair bronchial smooth muscle contractility rather than to stabilise mast cells. We believe therefore that the observed differences between normal and asthmatic subjects cannot be explained purely in terms of an effect of nifedipine on release of mediators from mast cells.
Free calcium ions in the smooth muscle cytoplasm trigger the contractile response and modulate muscle tone.'9 Increase in cytoplasmic calcium may occur as a result of influx of extracellular stores. Acetylcholine-induced contractions of bovine trachealis muscle are relatively resistant to reduced extracellular calcium ion concentrations, '4 which suggests that intracellular calcium depots are more important. The studies of Farley and Miles show a mixed dependence on intracellular and extracellular calcium ion sources in contraction of canine trachealis muscle induced by acetylcholine.20 Our own in vitro studies show a relatively small inhibitory effect of nifedipine on acetylcholine-induced contractions of human bronchial muscle,8 particularly with concentrations of nifedipine likely to be encountered in vivo. The presumed vagally mediated reflex response to cold air seen in normal subjects might therefore be expected to show little modification by an agent which has little effect on cholinergic responses and this is seen to be the case.
In asthmatic subjects the reponse to cold air is probably at least partly brought about via the action of locally released mediators from mast cells. These would include histamine, prostaglandins, and leukotrienes. The coupling of the action of these to the mechanical response of the bronchial smooth muscle cell may be more dependent on extracellular calcium ion sources and be subject to modification by nifedipine.
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